psychoneurotic disturbances. Anamnestic data for other diseases were missing, and a thorough somatic and neurological investigation performed before lumbar puncture was normal in all patients. Lumbar puncture was carried out with a technique described by Antoni (1923) according to the modification of Hook (1957) . Between 10 and 20 ml. cerebrospinal fluid was taken from each patient.
Cell counting was performed within 30 minutes after puncture. The samples were centrifuged at 3,000 r.p.m. for 20 minutes at room temperature. The total protein content was determined according to Lowry's method (Daughaday, Lowry, Rosebrough, and Fields, 1952) , as modified by Lous, Plum, and Schou (1956) . Samples containing more than 3 red blood cells and/or 3 mononuclear cells per mm.3, and with a total protein content exceeding 45 mg./100 ml., were excluded. The cerebrospinal fluid was concentrated immediately after centrifugation by means of ultrafiltration in collodion' tubes at +70 C. to a final concentration of 2-5% (w/v) and was then stored at -20°C.
Cerebrospinal fluid for immunization was also obtained from patients with multiple sclerosis diagnosed according to the criteria given by Muller (1949) . These specimens were handled in the same way as 'normal' cerebrospinal fluid. In addition paper electrophoresis was performed on each sample. Before immunization the samples were combined in three pools: multiple sclerosis cerebrospinal fluid pool I with a y-globulin content below 15%; pool II with a y-globulin content between 15 and 25 %; pool III with a y-globulin content above 25 %. Pool I consisted of cerebrospinal fluid from 20 patients, pool II from 22 patients, and pool III from eight patients. Serum was taken from each of these patients, stored at -20°C. and combined before immunization in three pools, each consisting of samples from the same patients as the three different pools of multiple sclerosis cerebrospinal fluid.
Cerebrospinal fluid for protein isolation was obtained by lumbar or cisternal puncture on patients hospitalized for different neurological diseases. All cerebrospinal fluid available containing fewer than 10 red blood cells per mm.3 but otherwise independent of protein content or number of mononuclear cells was used for the experiments. The cerebrospinal fluid was concentrated to 3 5% (w/v) and stored as a pool at -20°C.
Isolation and partial characterization of 'trace' proteins and immunoglobulin Gfrom cerebrospinal fluid 553 PREPARATION OF ANTISERA Four rabbits, each weighing about 3 kg., were immunized with concentrated 'normal' cerebrospinal fluid. One rabbit was immunized with multiple sclerosis-cerebrospinal fluid pool I, one with pool II, and one with pool III. In addition, one rabbit was immunized with each of the three different serum pools. All immunizations were performed in the same way, that is, subcutaneouslywithO-75 ml. concentrated cerebrospinal fluid or 04 ml. serum mixed with Freund's complete adjuvant in the proportions 3:1. The injections were repeated with the same doses every tenth day, and after at least six injections the rabbits were bled by heart puncture or by the ear and serum tested for the existence of antibody by means of immunoelectrophoresis. A satisfactory antibody content was considered to exist when the precipitation pattern obtained was comparable with that of a commercial antiserum against human serum obtained from Behringwerke, Marburg/Lahn, West Germany. Additional immunization was carried out in case of need. Equal aliquots of sera from the four rabbits immunized with 'normal' cerebrospinal fluid were combined.
A specific antiserum against fl-trace protein and y-trace protein was obtained through absorption of the prepared antiserum against 'normal' cerebrospinal fluid with normal human serum according to a method described by Rosenthal and Soothill (1962) . The different antisera against multiple sclerosis cerebrospinal fluid and multiple sclerosis serum were absorbed with normal human serum with the same technique.
Rabbit antiserum against total human serum and specific antisera against human IgG, immunoglobulin M (y,M-globulin, IgM), and immunoglobulin A (y1A-globulin, IgA) were obtained from Behringwerke, Marburg/Lahn, West Germany.
PROTEIN SEPARATION PROCEDURES Cross-linked dextran gel (Sephadex G-200, 40-1201L, or Sephadex G-75, 40-120,u, Pharmacia, Uppsala, Sweden) was treated by swelling for about 72 hours in excess of 0-1 M Tris-HCI buffer, pH 8-0 containing 1 M NaCl. After thorough equilibration with this buffer a column with the dimensions 1-0 x 110 cm. was packed according to the directions of the manufacturer. Before gel filtration the protein sample was dialysed with stirring in the cold room for 24 hours in 2 litres of 0-1 M Tris-HCl buffer, pH 8-0 containing 1 M NaCl. Buffer was changed once. Merthiolat was added to all solutions in the proportions of 1:10-000. The sample was applied as a distinct layer on top of the gel. The flowratewas 2-6 ml./hr./cm.2column cross section and was regulated with a pump or a Mariotte flask. Fractions were collected in a fraction collector at regular intervals of 30 or 60 minutes. The effluent was continuously monitored at 254 m/i with a Uvicord (LKBProdukter, Stockholm, Sweden), and/or absorbancy at 280 mu was measured for each tube. All protein determinations were made according to Lowry (Daughaday et al., 1952 Scheidegger (1955) . One per cent agar3 and a continuous buffer system of sodium veronal, pH 8-6 and ionic strength 0 05, was used. The wells were filled with 2 pl. of concentrated cerebrospinal fluid or with an equal amount of serum. Electrophoresis was run in a moist chamber for 75 minutes at approximately 9 V/cm. Subsequently, a central trough, 6 5 x 0-1 cm., was cut out at a distance of 3 mm. from the wells and filled with 30 ,ul. of antiserum. Diffusion was allowed to proceed in a moist chamber for 20 hours. The slides were then washed in saline for one day and afterwards in distilled water for one hour. The slides were then covered with filter paper and dried at room temperature over night. Subsequently, the slides were stained with Amido black (Amido black 10 B, 10 g.; glacial acetic acid, 20 ml.; distilled water, 980 ml.) for 10 minutes, after which excess of dye was rinsed off in a bath of glacial acetic acid, methanol, and distilled water in the proportions of 10:45:45.
Agar gel electrophoresis was performed on microscopic slides according to Wieme (1959) . A 0-9% agar solution and a continuous buffer system of sodium veronal, pH 8 4 and ionic strength 0 05, was used. A central trough was cut out and filled with 10 ,ul. of concentrated cerebrospinal fluid or 4 pl. of serum. Electrophoresis was run in a cooled chamber4 for 25 minutes at 200 volts (approximately 27 V/cm.). Subsequently, the slides were fixed for at least 30 minutes in a solution containing ethanol, distilled water, and glacial acetic acid in the proportions of 70:25:5. The slides were then covered with filter paper and dried, whereupon they were stained with Amido black (Amido black 10B, 05 g.; mercuric chloride, 5-0 g.; glacial acetic acid, 5 ml.; distilled water, 95 ml.). Excess of dye was rinsed off in a bath of glacial acetic acid and distilled water in the proportions of 1:20.
Starch gel electrophoresis was carried out according to Smithies (1959) but in horizontal trays and using 0 035 M glycine buffer, pH 8-8, containing 8 M urea in the gel as described by Cohen and Porter (1964 Paper electrophoresis was performed with the buffer system described by Laurell, Laurell, and Skoog (1956) .
RE §ULTS IDENTIFICATION AND CHARACTERIZATION OF TRACE PROTEINS IN CEREBROSPINAL FLUID BY IMMUNO-
ELECTROPHORESIS Immunoelectrophoresis was performed on cerebrospinal fluid from more than one hundred 'normal' patients and from 80 cases of multiple sclerosis, using antiserum against 'normal' cerebrospinal fluid. In these experiments two precipitation arcs could always be demonstrated, which obviously correspond to /-trace protein and y-trace protein (Fig. lA) . Serum from the patients was always examined at the same time and in no case could the trace proteinsbe observed. On immunoelectrophoresis where commercial antiserum against human serum was used, these two proteins were nevqr identified (Fig. 1B) . On immunoelectrophoresis with antiserum against 'normal' cerebrospinal fluid absorbed with normal human serum, the existence of the trace proteins in all samples of cerebrospinal fluid could be confirmed (Fig. IC) (Fig. 2) . Immunoelectrophoresis with antiserum against 'normal' cerebrospinal fluid showed that fractions corresponding to the second half of peak III from the cerebrospinal fluid curve contained fl-trace protein in addition to albumin. The middle portion of peak IV usually contained only fl-trace protein and y-trace protein, while fractions from the last third of peak IV consisted of y-trace protein. ing to the middle portion of peak IV of the cerebrospinal fluid elution curve showed two bands in the fi-and y-region (Fig. 3) . These bands are identical with the trace proteins as shown on immunoelectrophoresis. On starch gel electrophoresis in 8 M urea two distinct bands cathodic to the application line could be demonstrated when concentrated fractions from peak IV were run (Fig. 4) . These bands are also identical with the trace proteins, as f-trace protein as well as y-trace protein could be demonstrated in these fractions on immunoelectrophoresis when performed with antiserum against 'normal' cerebrospinal fluid, but not with antiserum against human serum. Part C in Fig. 4 corresponds to the last third of peak IV and shows practically pure y-trace protein but no fl-trace protein cathodic to the application line. In all electrophoretic runs shown in the figure there is, however, some contamination with albumin, which could not be excluded completely in this gel filtration experiment and could also be demonstrated on immunoelectrophoresis. In order to purify the trace proteins further and to establish a reproducible method for their quantitation all fractions containing f-trace protein and y-trace protein after gel filtration of cerebrospinal fluid on Sephadex G-200 were pooled, concentrated, and run on a Sephadex G-75 column. An elution curve with three peaks was obtained (Fig. 5) Fig. 2, upper curve) . Column dimensions were 113 x I cm. and the buffer used was 0-1 M Tris HCI, pH 8-0, containing 1 M NaCl. The elution flow rate was 6 ml./hour and 3 ml. fractions of the effluent were collected. Shaded areas indicate fractions that were separately combined, concentrated and studied with immunoelectrophoresis (compare Fig. 6 ). 2 , upper curve). Column dimensions were 15 x I cm. and the elution buffer was 0-01 M phosphate, pH 7-6. The elution flow rate was 20 ml./hour and 4 ml. fractions of the eluate were collected. strated that fractions corresponding to peak I contained mainly albumin and no trace proteins, while peaks II and III consisted of f-trace protein and y-trace protein, respectively (Fig. 6) . The gel filtration shown in Fig. 5 corresponds to (8 2-6&5) . In all these experiments IgG was eluted in the first peak together with the trace proteins.
The fractions from the second peak obtained when human cerebrospinal fluid is gel filtrated on Sephadex G-200 (Fig. 2, upper curve) contained IgG but no trace proteins as revealed by immunoelectrophoresis. These fractions were combined and concentrated by ultrafiltration in the cold room to 3 5 % (w/v). For the concentration procedure Erlenmeyer flasks were used containing 2 litres of the buffer to be used on chromatography, e.g., 001 M phosphate, pH 7-6, in order to dialyse the sample at the same time as concentration was done. The sample was then applied on a column with D.E.A.E.-cellulose or D.E.A.E.-Sephadex. The elution method finally adopted was with 0-01 M phosphate buffer, pH 7-6.
One distinct peak was obtained (Fig. 7 ) which on immunoelectrophoresis gave only one precipitation arc, identical with IgG when using antiserum against human serum, antiserum against 'normal' human cerebrospinal fluid, andantiserum against IgG (Fig. 8) Berggard, 1965) . (Fig. 5) Cosgrove, 1961; Dencker, 1963 
